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ABSTRACT
MicroRNAs (miRNAs) are studied as key genetic elements that regulate the gene
expression involved in different human diseases. Clinical sequence based variations like copy
number variations (CNVs) affect miRNA biogenesis, dosage and target recognition that may
represent potentially functional variants and relevant target bindings.
To systematically analyze miRNA-related CNVs and their effects on related genes, a
user-friendly free online database was developed to provide further analysis of co-localization of
miRNA loci with human genome CNV regions. Further analysis pipelines such as miRNA-target
to estimate the levels or locations of variations for genetic duplications, insertions or deletions
were also offered. Such information could support the simulation of miRNA-target interactions.

iii

CHAPTER 1: INTRODUCTION
MicroRNAs also known as miRNAs are considered to be very significant and highly
important genetic elements which play the role in regulating thousands of human genes
expressions[1]. MicroRNAs are a result of their precursors maturation which are considered a
class of short non coding RNAs that are between 21 and 23 nucleotides long [2][4]. Ryazansky,
Mikhaleva, and Olenkina characterize MicroRNAs as having a hairpin like secondary structure
[2]. The hairpins’ structures are a result of the microRNAs formation which are processed from
longer transcripts that can fold back on themselves to give it that shape [3].
Gene regulation is very important because it makes cells different from each other. The
human body has many different cell types and all these cells have the same genes which all
originated from the zygote. Human Micro RNAs regulate most of the human genes. MicroRNAs
are not only important to what make the normal cell, but also they play a crucial role in cells that
contain diseases such as the cancer cell [3].
Researchers claim that the very first MicroRNA was not discovered in humans but
instead it was discovered in a model organism. This discovery was made in 1993 by Victor
Ambros, Rosalind Lee and Rhonda Feinbaum during a study of the organism nematode
caenorhabditis elegans (C. elegans) regarding the gene lin-14 [3]. In their discovery, Victor
Ambros, Rosalind Lee and Rhonda Feinbaum concluded that a short RNA product from lin-4
had the ability to regulate the lin-14 mRNA which causes less protein to be produced from the
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lin-14 mRNA. This mainly occurs through the interaction between the lin-4 RNA and lin-14
mRNA [3].
Several years later, in 2000, following the Ambros’ lab discovery, Ann Rougvie’s lab
discovered another small RNA which was involved in the control of development timing in
caenorhabditis elegans [5]. Rougvie’s discovery made it apparent that Ambros’ earliest discovery
was part of a wider phenomenon.
Bentwich I, Avniel A, and Bentwich stated that there are over 1000 miRNAs that may be
encoded by the human genome [6]. Those 1000 miRNAs are said to target roughly about 60
percent of the genes found in humans and some other mammals. Also, it was claimed that these
miRNAs are abundant in many cell types found in mammalian [6].
Many studies and research have investigated the role and the importance that miRNAs
have on a lot of biological functions as well as the broad spectrum of human diseases. Immune
response [13], tumor development [14], cell proliferation, differentiation, apoptosis [11][12],
cardiac diseases [15] are just a few of the many functions/diseases that the miRNAs have
influence over.
The regulation of target genes and miRNAs interactions is said to be sophisticated.
Various miRNAs are able to regulate one target gene however it is stated through research that
only one miRNA may affect multiple target genes [18]. As a matter of a fact, a growing number
of studies continue to demonstrate that on average, one miRNA can regulate several hundred
genes [16].
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Targeted genes expression levels are affected negatively by MiRNAs through two distinct
mechanisms. The affect level is dependent on the MiRNAs degree of complementarity to the
target sequences of the genes [8].
The first mechanism involves the induction of the RNA-mediated interference pathway
which occurs at the point where within the 3’ untranslated regions a perfect or near-perfect match
transpires between miRNAs and their target mRNAs. Upon the miRNA-mRNA interaction
recognition by the RNA-induced silencing complex, mRNA sundering occurs through an
endonuclease activity. The second mechanism involves imperfect target matching which occurs
when gene expression is controlled by miRNAs at the translational level [8][3].
Some researchers are hypothesizing that bladder cancer susceptibility is affected through
miRNA biogenesis pathway and the common sequence variants in genes of miRNA [9].
According to Edgar G. and Vanvouri T. genes are divided into two separate coding
groups, there are the non-coding genes which do not code functional proteins and the coding
genes group which involves protein coding [10].
MicroRNAs (miRNAs) are studied as key genetic elements that regulate the gene
expression involved in different human diseases. According to the miRBase.org public repository
which is hosted at the University of Manchester, there has been over 1881 miRNAs sequences
published for the homo sapiens organism [18]. The miRBase is the home to all published
microRNA sequences and associated annotations [18]. miRBase does not accept the submission
of newly discovered miRNAs until an article that describes their identification is accepted for
publication in peer-reviewed journals [18]. The primary aim for the miRNA public repository is
to implement a uniform naming scheme to newly discovered miRNAs by assigning stable and
3

consistent names [18]. Under the standard nomenclature here is how the following miRNA hsamir-124 precursor family example is broken out. The prefix “hsa” in this example signifies the
organism which in this case is homo sapiens. The prefix hsa is then followed by a dash and a
“mir”, and in this case the uncapitalized “mir” refers to the pre-miRNA whereas the capitalized
“miR” refers to the mature miRNA form. mir or miR is then followed by a dash and a number
which indicates the order of the name [19].
There exists miRNA annotations with additional lower case letters at the end of their
name such as hsa-mir-106a and hsa-mir-106b, this nomenclature indicates that the latter have
almost identical sequences with exception for either one or two nucleotides [19]. miRNA
annotations that end with additional dash-number suffix usually imply that genes, pri-miRNAs
and miRNAs are residing at different locations in the genome, and usually they are the ones that
lead to one hundred percent identical mature miRNAs [19].
MicroRNAs that contain the following notation -3p and -5p as suffixes are usually found
in comparable amounts and generally they tend to originate from opposite arms of the same premiRNA. Furthermore, miRNAs that contain an asterisk following the name are usually the
indication of the discovery of mature species at lower levels from the opposite arm of what is
called the hairpin. Also an important note to remember is that the abundance of the mature
microRNA from one arm of the hairpin is higher than that found from the other arm [3].
Copy number variants also know CNVs are major contributors to the diversity to human
genetics. CNVs alter the genomic sequence, and not only limited to the homo sapiens organism,
by insertions, deletions, and duplications. These alterations on the genomic sequence range from
a kilobase to multiple megabasepair in length [20].
4

Through studies and research, it was apparent that copy number variants are
acknowledged to impact both disease as well as normal variation [21]. There exist multiple
recognizable copy number variant-phenotype associations models, however they are
nonexclusive [20]. The first model, comprised of the deletion and duplication of larger genomic
segment as well as the existence in fewer allelic states. Those type of copy number variants are
considered to be rare. Amidst low copy repeats or duplication of segments, a large portion of
these copy number variants emerge by nonallelic homologous recombination [20]. Research
indicates that these copy number variants tend to endure for a few generation within a pedigree
or newly occurred ones. They are considered to have very short life span and are highly penetrant
in the population [20].
The second model, involves copy number polymorphisms which are also known as
CNPs. These copy number variant phenotypes are defined by the structure of genome and/or by
the variation in copy number which define the multiple allelic state [20]. Copy number
polymorphisms genes are considered to be very vital and embellishing for biology. They have
major affect on immunity and drug responses to name just a few [22][23]. The following
examples, Crohn's disease and HIV-1/AIDS susceptibility are considered a few of many
phenotypes that are influenced by functional elements or genes dosage change [24][25].
MicroRNAs have the capability to bind to target messenger RNA transcripts of proteincoding genes. Their binding can negatively control the protein coding genes translation or they
might cause degradation to messenger RNA. miRNAs and their mRNA target sequences are
considered to be partially complementary [26]. Due to the nature of such imperfection in base
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matching, it is very important as well as very difficult to be able to identify the targets prediction
of miRNA accurately [27].
In recent years, the bioinformatics field has been developed into an important field which
contributes heavily in many areas of biology. The term bioinformatics is associated with the
reference to the creation of public and private databases which hold raw data that is related to the
genetics, experimental molecular biology field and many more. For many biologists, researchers,
and any person with interest in the biological field the very important function faced with is the
analysis and interpretation of various data types. Analysis and interpretation can vary and
includes but not limited to protein structures, protein domains, genomes, genomes mutations and
sequencing nucleotide and amino acid [27]. It is safe to state that the fundamental focus of
bioinformatics is to increase the biological processes understanding through the use of computers
and computer programs.
Human miRNA has been a very hot topic since early 2000. There has been over 1800
miRNA sequences associated with the homo sapiens organism published to date [18]. This
information is currently stored in many sophisticated and advanced public databases such as
miRBase [18], microRNA [29], mirGen 2.0 [30] and many more. Furthermore, the National
Center for Biological Information also known as NCBI, is the home to many biological
databases such as and not limited to CloneDB, Conserved Domain Database. However, our
interest will mainly be focused on the Database of Genomic Structural Variation also known as
dbVar. The dbVar database is designed in order to store phenotype information and defined
variants association in addition to archive information such as large insertion, translocations,
inversions and deletion information associated with large scale genomic variations [31].
6

Analyzing the databases mentioned in the previous paragraph, one can easily determine
the gap that they all share. Although these databases provide great deal of very important data, it
is very apparent that as a researcher one must have to visit multiple database locations in order to
gather the appropriate data for analysis and interpretation due to the fragmentation of the data. As
an example, a biologist who is studying the structure of hsa-mir-17, this information can be
available to him from the various databases mentioned previously. However, assuming that the
biologists require more information such as retrieving the co-localization of miRNA loci with
human genome CNV regions, he then would have to visit the location of another database and
search for the information required for his study. This process can be very cumbersome at times.
To contribute and help bridge the gap of data fragmentation for the researcher who is analyzing
miRNA, we developed the HmiRNAsqv user interface.

Figure 1. HmiRNAsqv Web Application.
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HmiRNAsqv, is a web application with a user friendly interface powered by a database
backend. The aim of this web application is to provide biologists, researchers and every person
with interest in the human miRNA studies, a user-friendly tool to help further the analysis of colocalization of miRNA loci with human genome copy number variant regions. Further, analysis
pipelines such as miRNA-target to estimate the levels or locations of variations for genetic
duplications, insertions or deletions were also offered. Such information could support the
simulation of miRNA-target interactions.
HiMRNAsqv currently maintains 1881 miRNAs records along with their target
predictions and copy number variants information records. The web interface provides the end
user the ability to search our system and retrieve human miRNA records using the search
functionality provided. miRNAs entries can be searched using specific keywords: miRNA name,
Accession ID, Variant ID and Chromosome number. Upon the search execution, the user
interface will return the appropriate result. Each record of the result contains detailed information
of a specific miRNA, including miRNA identifier name, accession id, chromosome number, the
start and end location of the chromosome, description, sequence structure, comment, mature
sequences (-5p and -3p), copy number variants associations along with a hyperlink reference to
the ncbi database, and finally targets prediction association along with hyperlinks for each
association to the ncbi database. The data available in HmiRNAsqv database is extracted from
the miRBase [18] and NCBI [31]. The HmiRNAsqv user interface is freely accessible from the
URL of http://www.hmiRNA.com.
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CHAPTER 2: HMIRNASQV DATABASE
2.1 Database Structure

Figure 2. HmiRNAsqv Database Architecture
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The HmiRNAsqv database is designed using cutting edge technology. The database
resides on a Microsoft SQL Server 2014. The Microsoft SQL server has been embraced to host
the database due to the fact that it allows us to construct Big Data solution. Due to the nature of
the size of the data that the HmiRNAsqv application will process, it is necessary to construct a
responsive system which will react to the user’s request in a rapid manner.
The HmiRNAsqv database is comprised of six tables, mirna_chromosome_build,
mirna_excel, mir_family_info, predicted_target, human_micro_rna and hmrna_var_ass. Each
table is designed in order to hold specific data. In order to establish and enforce links between
the appropriate tables, foreign keys have been applied. Foreign keys are fields or collection of
fields which uniquely identify a row of another table from the table where it is being applied.
Along with the construction of the tables, stored procedures were also created. Stored
procedures are considered as subroutines which are stored in the relational database data
dictionary. Stored procedures facilitate data transaction between the relational database and web
applications by allowing programmers to encapsulate the business logic of his/her application
directly in the database. This methodology cuts down overhead in the application by eliminating
the need to encode this logic in the program. By doing so, data integrity and consistency are
preserved. Delegating the task to the database for data manipulation provides advantage to the
application by eliminating the cost of computation from the web server and shifts it down to the
database server level. One of the benefits for this delegation is the avoidance of network
communication cost especially for structured query language statement that are complex in their
nature. The second benefit is the fact that DBMS provide optimization through their optimizer
when executing the structured query languages statements.
10

2.2 Tables Structure
In sections 2.21 through 2.28, we will be discussing the table structures in greater
specificity as well as the nature of the data that are residing in each and every table. The need of
data separation plays a very important role in formatting structure.
The HmiRNAsqv database model consists of look-up, operational, and association tables.
An associative table or entity is considered to be a relationship between one or many tables/
entities due to the fact that it can serve the purpose of joining them together. The table
encapsulates properties from both. A successful association table must always contain the
primary keys of all the adjoining entities. Also, an associative table can contain some other
information that is directly relevant to the relationship.
A look-up table holds definitions mapping. For instance, a look-up table can be used to
store colors. Colors can have many attributes such as color name, color description, RGB value,
hexadecimal value and so on. It is required to have a primary key on the table to ensure
uniqueness. The unique identifier can then be used in other tables such as an association or
operation in order to reference a color. This methodology will eliminate the need to type in the
color information in every row for every table it is being used in as well as ensure integrity and
implement a standardization.
An operational table is designed mainly to process data such as deletion, insertion, update
in real time. Usually the operational table is accessed by means of windows forms or web sites/
applications mainly for the purposes stated before. The transactions that occur between the client
face application and the database is usually handled through some sort of a stored procedure
which are stored under the programability in the database.
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2.2.1 Human MicroRNA Excel
The first table in our database model is named mirna_excel. This table is designed in
order to hold information directly related to the miRNA records. This table is considered a look
up table as it contains definitions mapping for miRNAs. The table is comprised of 10 fields.
The first field in the table is mirna_id and has a type of varchar of length 300 character, this field
is the representation of the miRNA identifier. Also, mirna_id is set to be a primary key in that
table as duplicate miRNAs are not allowed. The implementation of a primary key ensures the
uniqueness is not violated. An example of a mirna_id would be “hsa-mir-17”. The second field is
named mina_acc and has a type of varchar of length 20 characters. This field is the accession id
for specific miRNA records in the miRBase database.
According to the miRBase website, the accession number is considered to be the most
stable identifier for an miRNA entry. It is reported that as relationships between sequences
become clear, miRNA names might change from the ones that were published previously. This
identifier will allow a traceable route to evolving names in the database with a consistent manner.
Also, accession IDs convey little biological meaning [18].
The next field is the status, status has a type of varchar of length 100 characters, this field
indicates whether a miRNA record has been altered/changed. When changes occur, the
appropriate miRNAs records which are affected by the change will be flagged in the database
and their status will change to “CHANGED” otherwise it will remain as “UNCHANGED”. The
next field represents the sequence of miRNA named as sequence with the type varchar of length
maximum characters. Figure 3 serves as an example to show the sequence of the hsa-mir-17
miRNA.
12

Figure 3. hsa-mir-17 miRNA Sequence Structure
The next field in the table is named mature_1_acc which is of type varchar of length 100
characters. This field contains the accession number of the mature miRNA. The accession
identifier of the latter has the same concept as the mina_acc field. Next is the mature_1_id which
is of type varchar as well with length comprised of 20 characters. This field represents the
identifier number of the mature miRNA of a specific miRNA. miRNAs can have up to two
mature miRNAs sequences, one on each arm of the hairpin. Mature miRNAs tend to have dash
3p or dash 5p as a suffix at the end of their miRNA names. miRNAs that contain the following
notation -3p and -5p as suffixes are usually found in comparable amounts and generally they tend
to originate from opposite arms of the same pre-miRNA [3].
This is followed by the mature_1_sequence field of type varchar and a length of
maximum characters. This field represents the mature miRNA sequence of a specific miRNA.
Mature microRNAs considered to be roughly about 21 to 23 nucleotides in length with small
non-coding RNA molecules that naturally occur. The next field in that table is named
mature_2_acc which is a varchar typed with length of 100 characters. It is then followed by the
mature_2_id that has identical type as the latter however the length of characters differ as 20.
Lastly, mature_2_sequence is the last field in that table architecture which contains the sequence
structure of the mature miRNA. The type of that field is varchar with maximum characters in
length.
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Figure 4. HmiRNAsqv miRNA Table
2.2.2 Human MicroRNA Chromosome
The second table in our model is named mirna_chromosome_build. This table is designed
in order to hold information directly related to the miRNA and chromosome. miRNAs play a
very important role in genes regulation in specific chromosomes.
The authors of “Tuning into the signals: noncoding sequence conservation in vertebrate
genomes”, Edgar and Vavouri have indicated the fact that the a large percentage of the human
genome which is roughly 98% is composed of non-coding DNA. Also, the authors reveal that
genes are composed of two groups. The first group is the non-coding genes which do not code
functional proteins. The second group is the coding genes which are mailing genes that code
proteins [10].
Depending on the organism type, it is revealed that the number of miRNA genes in some
is higher compared to others. Observing multiple species, Atanu, Ghorai, and Ghosh Utpal
pinpointed the fact that some species had the least absence of miRNA in the Y chromosome
whereas in other species it was reported that the highest number of miRNAs was present on the
X chromosome [32].
14

Evidently, it is clear that miRNA have great affect in many species including homo
sapiens. Research in that area is growing at a rapid rate and the commitment to the data collected
from scientific methods is needed at a much rapid pace. HmiRNAsqv database requires the raw
data for miRNA and chromosome in order to be able to provide the user a complete picture of the
miRNAs controlled genes in specific chromosomes.
The mirna_chromosome_build table is comprised of five fields. The first field,
auto_mirna, is considered the primary key. The latter has an integer type, this field contains the
auto mirna identifier. This identifier is used in order to combine rows from multiple tables, based
on a common field between them which in this case is the auto_mirna. The next field in the table
is named xsome, it is of type varchar and has a length of 20 characters. This field is designed in
order to contain the chromosome number. The next two fields, are contig_start and contig_end
and are of type bigint. A contig, short for contiguous, represents a consensus region of DNA
which is the product of a set of overlapping DNA segments [33]. The last field in this table is
called strand and it has a type of char with length of only two characters.
2.2.3 Human MicroRNA
The third table in our database model is called human_micro_rna. This table contains
larger amount of meta data associated with each miRNA. The table structure is comprised of 22
data points. The first field in the table is named human_micro_rna_id which has an integer data
type, it is considered the primary key in the table to ensure uniqueness. The next field is named
auto_mina and it holds the data type of an integer. The field auto_mina is a foreign key to the
table mina_chromosome_build described in section 2.2.2. This table also contains
pre_mature_sequnce_text, this field has a varchar type with length set to maximum characters.
15

Figure 5. HmiRNAsqv Human miRNA Table
The data in the latter is related directly to the pre-mature miRNA cursor and contains the
sequence of the pre-mature cursor. The next data point in that table is named
pre_mature_comment which has the type of varchar with maximum characters in length. The
pre-mature comment field contains comments associated with the appropriate miRNA records
recorded by the researchers and made available to the public in the miRBase database [18]. This
table also contains the meta data of the mature sequences which falls on both sides of the
hairpins in a miRNA with mature cursors. The metadata comprised of the identifier of
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the mature sequence, the sequence structure as well as the start and end locations. The metadata
is available for both -5p and -3p annotations. The start and end locations demonstrate the real
estate certain mature sequences occupy on the appropriate arms of the miRNA hairpin.
2.2.4 Human MicroRNA Variants Assignment
The fourth table in the HmiRNAsqv database is named hmrna_var_assn. The table is
designed in order to store the copy number variants associated with specific miRNAs. The
db_var table is considered an association table considering the fact that it is housing the metadata
for copy number variants along with a foreign key called human_micro_rna_id which is used to
join on the human_micro_rna table to be able to associate the copy number variants with their
appropriate miRNAs.

Figure 6. HmiRNAsqv Variants Table
The table is composed of six data points as shown in figure 6. The first field in the table
is named human_micro_rna_id and it possesses the type int. This field is set as a primary key.
The next field is named var_id which contains the copy number variants identifier. Copy number
variants also know CNVs are major contributor to the diversity to human genetics. CNVs alter
17

the genomic sequence by insertions, deletions, and duplications. These alterations on the
genomic sequence range from a kilobase to multiple megabasepair in length [20]. Given the fact
that their effect on the genome is important, it is apparent that the data about their location
occupancy on chromosomes is very crucial to obtain. Considering the relevance of importance of
the location ranges that the copy number variants inhabit, the data has been collected and stored
in the NCBI databases. The National Institute of Health has made the latter raw data available to
the biologists, researchers and the public. The raw data has been dowloaded through the file
transfer protocol and upon download, the data files have been parsed and properly inserted in the
hmrna_var_assn table.

Figure 7. Copy Number Variants Example
The next data point in the table is named chromosome_num, the field is given a varchar
data type with maximum characters in length. Followed by the chromosome_num, the next two
data points, chromosome_range_from_num and chromosome_range_to_num, are given the type
bigint.
18

The latter three data points reveal the information about the chromosome number and the
location for which copy number variants inhabits. Figure 7 represents a screen shot of the top 10
records of the raw data set in the human_var_assn table. Copy number variants can easily be
grouped by the human miRNA identifier. In the figure 7 example, a simple select statement on
the human_var_assn where the human_micro_rna_id is equal to one will yield a set of 8 records
containing only the data related to the human miRNA “hsa-let-7a-1”. MicroRNA (miRNA) hsalet-7a-1 has a total of 8 copy number variants associated with it. The copy number variants reside
on the 9th chromosome and inhabit different range number as stated in the data set in figure 7.

Figure 8. CNVs Associated with hsa-let-7a-1
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The miRNA hsa-let-7a-1 association is only complete when the two tables,
human_micro_rna and human_var_assn, are joined on each other using the human_micro_rna_id
as a key. Figure 8 represents the data points associated with the human miRNA example used in
figure 7.
2.2.5 Human MircoRNA Family Information
The fifth table in the HmiRNAsqv database is named mir_family_info. The latter is
designed in order to hold data points related to the family ancestors of miRNAs. A MicroRNA
family is comprised of a common ancestor which is derived from a group of miRNAs.
MicroRNA family members are not always maintained in secondary structure or even primary
sequence, however it is claimed through studies that those members have physiological functions
that might be very similar [34].

Figure 9. MicroRNA Family Information Table
The table mir_family_info is comprised of a collection of seven data points. The first two
data points are used as primary keys. The mir_family_id contains the family identifier of specific
miRNA. The latter has a type of varchar with a length that amounts to 200 characters. The next
20

field in that table is named mirna_id which has a type of varchar as well restricted to 200
characters in length. This field is designed in order to hold the miRNA identifier and can be used
to join on the mina_excel or the human_micro_rna to query information that is related to a
specific miRNA family. The following data point is named seed_plus_m8 which has a type of
varchar and maximum length of 200 characters. MicroRNAs are classified into families based on
the seed regions sequence similarities along with manual adjustment [34]. The next data point is
named species_id and has a type of integer. This field is designed as an identifier which can be
mapped to an enumeration list of species. In our relational database, HmiRNAsqv, the only
specie we are concerned with is homo sapiens which has a specie identify of 9606. Following the
species_id, the next three fields identify the mature sequence along with the family conservation
and the mature accession identifier. The mature_sequence_text and mature_accession_id both
have a varchar data type with maximum number of characters consisting of 200 in length. The
family_conservation_id field has an integer data type.
2.2.6 Predicted Target
The sixth and last table in our database model is named predicted_target. The predicted
target table contains eleven fields. The first field in that table is called mir_family_id and has
data type of varchar consisting of maximum length of 300 characters. The latter is designed in
order to hold the miRNA family identification described in section 2.2.5. The following field is
named gene_id with the same data type and character length as the latter.
Gene ID represents the identification number of a specific gene. A gene can be defined as
a genomic sequence that inhabits a certain locatable region. The genomic sequence corresponds
to a unit of inheritance. Transcribed regions, regulatory regions and/or other functional sequence
21

regions are associated with the unit of inheritance. Genes are very important to human beings
due to their importance on function ribonucleic acids (RNA) chains as well as on all protein
determination [35][36].

Figure 10. MicroRNA Predicted Targets Table
The next field in the table is named gene_symbol_id followed by transcript_id and
species_id. The three fields share the same data varachar data type as well as the 300 characters
length. The gene_gene_symbol_id field holds gene symbol identifiers. Similar to the miRNA
nomenclature, gene nomenclature also exists. In 1957 genetics symbols and nomenclature
recommendations were published by an international committee [37]. In the year of 1960 formal
guidelines for human gene names and symbols were widely accepted. Almost 19 years later, at
the Edinburgh Human Genome meeting, full guidelines on the gene names and symbols were
presented [38].
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Figure 11. MicroRNA Predicted Targets
The next four fields have the same data type in common. The first field is named
utr_start_num followed by utr_end_num then msa_start_num and msa_end_num. The UTR start
and end numbers fields are related directly to the untranslated regions (UTR) of a coding
sequence on miRNA strand. The fields indicate the start and end location of each gene. As
discussed in section 2.2.3, miRNAs have two strands: the 5’ or 3’ side. Coding sequences that
inhabit the 3’ strand side of miRNAs are called 3’UTR whereas the ones that are found on the 5’
side are called 5’ UTR [39].
The fields MSA start and end represent the multiple sequence alignments. The Multiple
Sequence Alignment is very important in molecular biology and it plays a very important role in
structurally important regions in proteins sequences as well as determining distances between
sequences [40].
Finally, the last two data points in the predicted_target table are named seed_match_text
and prct_text holding varchar data type with maximum character length of 300.
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Lewis et al, discovered the existence of four different types of selectively conserved seedmatched types [41]. In the predicted target table, the four types of the conserved seed-matched
types are: 6mer, 7mer-m8, 7mer-A1 and 8mer. Lewis et al. indicate that the 6mer site matches
the 6 nucleotides miRNA seed compared to the 7mer-m8 site that matches the 8 nucleotide of
miRNA. Moreover, the 7mer-A1 site is a representation of an A across from miRNA nucleotide 1
and finally the 8mer is a representation of both the A1 and m8 [41].
The tables in the HmiRNAsqv database described in section 2.21 through 2.2.6 play a
vital role in data storage. The relational database provides us with great features and advantages
which will facilitate data retrieval of miRNA information at granular levels. MicroRNA data can
be retrieved from our database through the means of structural query language (SQL). However
to ensure a pleasant and seamless experience to the end user of HmiRNAsqv, a web application
has been developed in order to complement the database. The HmiRNAsqv web application is a
great user interface developed with user experience in mind. Chapter three is dedicated in
furtherance of explaining the intricacies of the development process, data gathering and parsing,
data insertion in the database and search functionalities.
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CHAPTER 3: HMIRNASQV WEB APPLICATION
3.1 Web Application Requirements
The HimRNAsqv web application is designed using cutting edge technologies powered
by Microsoft. Microsoft Windows Server 2012 and Internet Information Server 7 has been
chosen to represent our web platform to host our application. HmiRNAsqv is developed using
the C# programming language and the .NET framework. The .NET framework is developed by
Microsoft and primarily operates on Microsoft platform. The .NET framework includes the
Framework Class Library which offers the programmer a variety of precompiled libraries readily
available for usage such as cryptography, network communication, database connectivity to
name a few. Presented with the CFL, the programmer can incorporate certain references to a
specific dynamic-link library (DLL) in his/her code which will make its methods available for
usage.
In addition to the C# programming language, the most popular client side programming
language, JavaScript, has also been used in the development of the application. Client side
scripting is vital to application responsiveness and provide the programmer with an array of
advanced features that can be used to maximize the user experience when interacting with a
website or a web application. Although, the use of JavaScript in our HmiRNAsqv application is
not extensive, it has enhanced a few functionalities such as the auto complete and few
functionalities in the back end (admin) section of the application.
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3.2 HmiRNA Infrastructure
The infrastructure of the HmiRNAsqv has been thought of very carefully. The user
experience is very important and requests responsiveness is vital. To ensure that the application
is able to deliver the latter, the following methodology has been adopted. The web application
has been published to the world wide web access using a dedicated web server running IIS 7.
The HmiRNAsqv database has been allocated it own Microsoft SQL Server (MSSQL) in order to
handle any transactions occurrences between the MSSQL and the web application.

Figure 12. HmiRNA Infrastructure
Figure 12 illustrate the infrastructure of the HmiRNAsqv web application. The separation
of functionalities is a good practice which will ensure the desired output consisting of data
integrity, optimized code, responsive request and a seamless user experience.
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3.3 Web Application Infrastructure
In the previous section, 3.2, we discussed the importance of a well designed overall
system infrastructure through the departmentalization of different responsibilities. Furthermore,
to complement the latter, code infrastructure is also vital and failure to abide by best practices
provided by Microsoft and other reputable sources will jeopardize the quality of the final
product.
The HmiRNAsqv web application is comprised of two sections: data processing and
database search. The latter section is as important as the data processing however it requires less
computation as most of the work is consumed on the database server. Nevertheless, the data
processing section of the application is computationally expensive and it requires more CPU and
memory resources. To ensure optimal implementation, the application is designed with one goal
in mind, accuracy and optimal performance.
Microsoft n-tier structure concept is a great fit for our application. The n-tier structure
ensure many great features and allow us to built a robust system. We decided to segment the
application in three different tiers: presentation layer (UI), business layer, and the database layer.
The presentation layer primary responsibility is to administer the user interaction with the
system and ensure a secure bridge between the presentation layer and the business layer through
data encapsulation.
The business layer tier is considered a fundamental section of the application as it
implements core functionalities and recognized for the business logic. This layer is designed in
order to facilitate the interaction between the presentation and database layer. The business layer
is considered the middle tier in our design.
27

The third and last tier in our application is the database layer. This layer has a distinct
functionality which is to provide access to a data source through many different forms. The data
source can either be exposed over a network which requires special connection or perhaps
sources such as reading from excel spreadsheet, flat file or even a local access database. The
database layer should never be exposed to the presentation layer and vice-versa, communication
between the latter should only occur through a third component such as the business layer or
some other means. The database layer in only designed to handle transactions between the
application and the data source. In this layer, data manipulation is prohibited, the database layer
should be a mapping process of the data source architecture.

Figure 13. HmiRNAsqv n-Tier Structure
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The database layer in the HmiRNAsqv architecture relies heavily on the usage of stored
procedures. Transactions such as select, insert, update and delete are all handled through stored
procedures which are considered precompiled structural query languages. This concept
eliminates the need to have the structural query languages embedded in the application as well as
eliminating any convoluted code.
The n-tier structure is a very powerful concept which has been adopted widely. However,
to take a full advantage of the concept one must implement his/her application using an object
oriented design also known as (OOD) which we fully adopt in our design.
3.4 Web Application Functionalities
HmiRNAsqv has a user friendly interface. The aim of this web application is to provide
biologists, researchers and every person with interest in the human miRNA studies, a userfriendly tool to help further the analysis of co-localization of miRNA loci with human genome
copy number variant regions. To provide the service, we provided various functionalities in the
application. A robust search has been implemented. In addition to the search, a detail view is also
available. We also provided an export functionality which will allow users to export the the data
set requested by them. The system permits users to also link out to various external data sources
for in depth data on specific data points that are available in the HmiRNAsqv.
3.4.1 Search
The search functionality plays a vital role in the HmiRANsqv web application. It
provides the user of the application the ability to search our database using four parameters. The
search is designed using the AND operator. The user is presented with the option to search by the
miRNA identifier, accession identifier, variant identifier and the chromosome number.
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Figure 14. HmiRNAsqv Search Functionality
The original view on the search page is defaulted to display all of the 1881 records of the
miRNA. A paging option is available to user in order to page the result set. Also, items per page
are also present which will allow the user to display a specific number of items per page or all of
the items at once.

Figure 15. miRNA-Var List View
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Along with the robust search filter, the user is able to click on the export button to be able
to export his search result into a comma separated value file. This functionality comes in very
handy to the user of the application as it gives them the opportunity to save their searches. Figure
16 provides a glimpse at how the comma separated value file looks upon export.

Figure 16. Human MicroRNA Export
As noted in figure 16, a search for all the human microRNA that are associated with
chromosome number 9 yielded 72 records. The exported file reflects that search. This is a very
simple operation yet very powerful to the individual who is using the HmiRNAsqv application.
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3.4.2 Detail View
The detail view section of the application grants the user the functionality of analyzing a
specific human microRNA from the detailed view page in HmiRNAsqv. From the search page,
the user can simply choose the opportunity to click on the view link associated with the record
that he/she desires to inspect. Upon clicking on the link, the user is directed to the detailed view
where more analysis on the human microRNA can be performed.

Figure 17. hsa-mir-107 Detail View
Figure 17 is a great demonstration of the detailed view of the human microRNA hsamir-107. The application provides important information such as the accession identifier,
description, the sequence structure and comment. Furthermore, the application also displays the
mature information related to the hsa-mir-107 human microRNA. The information can either
represent the 3’ and 5’ or simply none depending on the availability. The example in figure 17
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appears to have a mature sequence associated with the microRNA. The mature sequence falls on
the 3’ strand of the hsa-mir-107 hairpin.

Figure 18. hsa-mir-101-2 Copy Number Variants
Copy Number Variants (CNV) are also available under the detailed view. Figure 18
represents the CNVs associated with the hsa-mir-101-2 human microRNA. As shown in figure
18, there exists six CNVs associated with that specific miRNA. Each CNV has the chromosome
number along with the range from and to indicate the position of the CNV. Also, the variant
identifier is a hyperlink which upon clicking it, the system will redirect you to the http://
www.ncbi.nlm.nih.gov/dbvar/variants where there exist more detailed information regarding that
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specific copy number variant. This functionality makes it very convenient to the researcher to be
able to quickly retrieve his answer and spend more time on his analysis. The algorithm
implemented ensures the CNVs match with the appropriate miRNA in a quick manner. The
database is queried using the miRNA identifier to scan various tables and collect the data points
that match the miRNA. The result of the query is returned to the application and displayed to the
user in a friendly manner.

Figure 19. hsa-mir-107 Predicted Targets
The final part of the detailed view in the application is the target prediction functionality.
The application is able to return to the users the targets predicted and display them in a list view
format that is both pageable and exportable. The user has the ability from within the detailed
view to analyze the miRNA targets predicted and if desired, the user can simply click on the
34

Gene ID column and at a click of a button he/she will be redirected to the National Institute
Health database where more information can be acquired. Also the export to comma separated
value file is readily available and at a click of a button the data can be downloaded.
The HmiRNAsqv database and web application combined create a great user friendly
system that can be accessed freely at a click of a button. In the web application, the
functionalities provide biologists, researchers and every person with interest in the human
miRNA studies, a user-friendly tool to help further the analysis of co-localization of miRNA loci
with human genome copy number variant regions. Further, analysis pipelines such as miRNAtarget to estimate the levels or locations of variations for genetic duplications, insertions or
deletions were also offered. Such information could support the simulation of miRNA-target
interactions.
The HmiRNAsqv is an advanced and robust system with many great features.
Furthermore, the system can be expanded to include more functionalities such as identifying the
copy number variants and target prediction for organisms that are beyond homo sapiens. This
enhancement can be incorporated into the system as a future work. The HmiRNAsqv is a great
platform built using the object oriented design keeping in mind future enhancements and
integration of new code to be able to accommodate the integration of many different organisms.

35

REFERENCES
[1]

Marcinkowska M, Szymanski M, Krzyzosiak W, Kozlowski P. Copy number variation of
microRNA genes in the human genome. BMC Genomics [serial online]. January
2011;12(1):183-191. Available from: Academic Search Premier, Ipswich, MA. Accessed
September 4, 2014.

[2]

Ryazansky, S. S., Mikhaleva, E. A., & Olenkina, O. V. (2014). Essential functions of
microRNAs in animal reproductive organs. Molecular Biology, (3), 319.

[3]

Bartel DP: MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 2004, 116:
281-297.

[4]

Ambros V, Bartel B, Tuschl T, et al. A uniform system for microRNA annotation. Rna-A
Publication Of The Rna Society [serial online]. n.d.;9(3):277-279. Available from:
Science Citation Index, Ipswich, MA. Accessed September 4, 2014.

[5]

Rougvie A. CONTROL OF DEVELOPMENTAL TIMING IN ANIMALS. Nature
Reviews Genetics [serial online]. September 2001;2(9):690-701. Available from:
Academic Search Premier, Ipswich, MA. Accessed September 4, 2014.

[6]

Bentwich I, Avniel A, Bentwich Z, et al. Identification of hundreds of conserved and
nonconserved human microRNAs. Nature Genetics [serial online]. July 2005;37(7):
766-770. Available from: Academic Search Premier, Ipswich, MA. Accessed September
4, 2014.

[7]

Lagos-Quintana M, Rauhut R, Lendeckel W, Tuschl T; Rauhut; Lendeckel; Tuschl
(October 2001). "Identification of novel genes coding for small expressed RNAs".
Science 294 (5543): 853–8.

[8]

Esquela-Kerscher A, Slack FJ. Oncomirs—microRNAs with a role in cancer. Nat Rev
Cancer 2006;6:259–69.

[9]

Yang,H. et al. (2008) Evaluation of genetic variants in microRNA-related genes and risk
of bladder cancer. Cancer Res., 68, 2530–2537.

[10]

Elgar, G., and Vavouri, T. (2008). Tuning in to the signals: noncoding sequence
conservation in vertebrate genomes. Trends Genet. 24, 344–352. doi: 10.1016/j.tig.
2008.04.005

36

[11]

Hermeking H. The miR-34 family in cancer and apoptosis. Cell Death Differ
2010;17:193–9.

[12]

Wang S, Olson EN. AngiomiRs–key regulators of angio- genesis. Curr Opin Genet Dev
2009;19:205–11.

[13]

Bi Y, Liu G, Yang R. MicroRNAs: novel regulators during the immune response. J Cell
Physiol 2009;218:467–72.

[14]

Esquela-Kerscher A, Slack FJ. Oncomirs - microRNAs with a role in cancer. Nat Rev
Cancer 2006;6:259–69.

[15]

Zorio E, Medina P, Rueda J, et al. Insights into the role of microRNAs in cardiac
diseases: from biological signalling to therapeutic targets. Cardiovasc Hematol Agents
Med Chem 2009;7:82–90.

[16]

Griffiths-Jones S, Moxon S, Marshall M, et al. Rfam: anno- tating non-coding RNAs in
complete genomes. Nucleic Acids Res 2005;33:D121–4.

[17]

Griffiths-Jones S, Grocock RJ, van Dongen S, et al. miRBase: microRNA sequences,
targets and gene nomen- clature. Nucleic Acids Res 2006;34:D140–4.

[18]

Kozomara, A.; Griffiths-Jones, S. (2010). "MiRBase: integrating microRNA annotation
and deep-sequencing data". Nucleic Acids Research 39 (Database issue): D152–7. doi:
10.1093/nar/gkq1027. PMC 3013655. PMID 21037258

[19]

Wright, MW; Bruford, EA (Jan 2011). "Naming 'junk': human non-protein coding RNA
(ncRNA) gene nomenclature.". Human genomics 5 (2): 90–8. doi:
10.1186/1479-7364-5-2-90. PMC 3051107. PMID 21296742

[20]

Population Analysis of Large Copy Number Variants and Hotspots of Human Genetic
Disease. American Journal Of Human Genetics [serial online]. 2009;(2):148. Available f
rom: Academic OneFile, Ipswich, MA.

[21]

Feuk L., Carson A.R., Scherer S.W. Structural variation in the human genome. Nat. Rev.
Genet. 2006;7:85–97.

[22]

Cooper G.M., Nickerson D.A., Eichler E.E. Mutational and selective effects on copynumber variants in the human genome. Nat. Genet. 2007;39:S22–S29.

[23]

Nguyen D.Q., Webber C., Ponting C.P. Bias of selection on human copy-number variants.
PLoS Genet. 2006;2:e20.

37

[24]

Gonzalez E., Kulkarni H., Bolivar H., Mangano A., Sanchez R., Catano G., Nibbs R.J.,
Freedman B.I., Quinones M.P., Bamshad M.J. The influence of CCL3L1 gene-containing
segmental duplications on HIV-1/AIDS susceptibility. Science. 2005;307:1434–1440.

[25]

Fellermann K., Stange D.E., Schaeffeler E., Schmalzl H., Wehkamp J., Bevins C.L.,
Reinisch W., Teml A., Schwab M., Lichter P. A chromosome 8 gene-cluster
polymorphism with low human beta-defensin 2 gene copy number predisposes to Crohn
disease of the colon. Am. J. Hum. Genet. 2006;79:439–448.x

[26]

Zheng H, Fu R, Wang J, Liu Q, Chen H, Jiang S. Advances in the Techniques for the
Prediction of microRNA Targets. International Journal Of Molecular Sciences [serial
online]. n.d.;14(4):8179-8187. Available from: Science Citation Index, Ipswich, MA.

[27]

Yue D., Meng J., Lu M., Chen C., Guo M., Huang Y. Understanding microRNA
regulation: A computational perspective. Signal Proc. Mag. IEEE. 2012;29:77–88.

[28]

Attwood TK, Gisel A, Eriksson N-E, Bongcam-Rudloff E (2011). "Concepts, Historical
Milestones and the Central Place of Bioinformatics in Modern Biology: A European
Perspective". Bioinformatics – Trends and Methodologies. InTech. Retrieved 8 Jan 2012.

[29]

Betel D, Wilson M, Gabow A, Marks DS, Sander C. (2007). "The microRNA.org
resource: targets and expression.". Nucl. Acids Res. 36 (Database issue): D149–153. doi:
10.1093/nar/gkm995.

[30]

Alexiou P, Vergoulis T, Gleditzsch M, Prekas G, Dalamagas T, Megraw M, Grosse I,
Sellis T, Hatzigeorgiou AG. (2010). "miRGen 2.0: a database of microRNA genomic
information and regulation.". Nucl. Acids Res. 38 (Database issue): D137–41.

[31]

“NCBI.” NCBI.NLM.NIH.GOV National Center for Biotechnology Information, U.S.
National Library of Medicine Web. 06 September 06 2014.

[32]

Atanu, Ghorai, and Ghosh Utpal. "Mirna Gene Counts In Chromosomes Vary Widely In
A Species And Biogenesis Of Mirna Largely Depends On Transcription Or PostTranscriptional Processing Of Coding Genes." Frontiers In Genetics 5.(2014): 1.
Publisher Provided Full Text Searching File. Web. 8 Sept. 2014.

[33]

Fullwood MJ, Wei C, Liu ET, et al. (2009). "Next-generation DNA sequencing of pairedend tags (PET) for transcriptome and genome analyses". Genome Research 19: 521–532

[34]

Zou, Quan, et al. "Mirclassify: An Advanced Web Server For Mirna Family Classification
And Annotation." Computers In Biology And Medicine (2014): 157. Academic OneFile.
Web. 10 Sept. 2014.

[35]

Elizabeth Pennisi (2007). "DNA Study Forces Rethink of What It Means to Be a Gene”.
Science 316 (5831): 1556–1557
38

[36]

Pearson H (2006). "Genetics: what is a gene?". Nature 441 (7092): 398–401.

[37]

Report of the International Committee on Genetic Symbols and Nomenclature (1957).
Union of International Sci Biol Ser B, Colloquia No. 30.

[38]

“HGNC.” GENE NAMES.ORG HUGO Gene Nomenclature Committee, National
Human Genome Research Institute (NHGRI) grant U41HG003345 and Wellcome Trust
grant 081979/Z/07/Z Web. 11 September 2014.

[39]

Mazumder B, Seshadri V, Fox PL (2003). "Translational control by the 3'-UTR: the ends
specify the means". Trends Biochem. Sci. 28 (2): 91–8

[40]

NARIMANI, ZAHRA, HAMID BEIGY, and HASSAN ABOLHASSANI. "A New
Genetic Algorithm For Multiple Sequence Alignment." International Journal Of
Computational Intelligence & Applications 11.4 (2012): -1. Academic Search Premier.
Web. 11 Sept. 2014.

[41]

Friedman, RC, et al. "Most Mammalian Mrnas Are Conserved Targets Of Micrornas."
Genome Research 19.1 (n.d.): 92-105. Science Citation Index. Web. 13 Sept. 2014.

[42]

Kumar Shrivastava, Amit1 "Evolution Of Object Oriented Analysis & Design In
Software Engineering." International Journal Of Advanced Research In Computer
Science 3.3 (2012): 456-463. Applied Science & Technology Full Text (H.W. Wilson).
Web. 14 Sept. 2014.

39

